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OPTIMIZATION AND CHARACTERIZATION OF GLYCOLYSIS OF 
WASTE POLYETHYLENE TEREPHTHALATE (PET) WITH 
POLYETHYLENE GLYCOL (PEG) 
 
ABSTRACT 
 
 
Chemical recycling of poly (ethylene) terephthalate (PET) has been the subject of 
increased interest as a valuable feedstock for different chemical processes. In this 
research, the glycolysis of PET will be studied using excess Polyethylene Glycol 
(PEG) as depolymerization agent assisted by magnesium acetate as catalyst. The 
influence of several operating conditions covering temperature (165–215 ◦C), 
reaction time (0–4 h), and catalyst concentration and PEG to PET weight ratio was 
analyzed. The purified monomer was characterized by Differential Scanning 
Calorimetry (DSC), Thermogravimetric Analysis (TGA), and Fourier Transform 
Infrared Spectroscopy (FTIR).Response surface methodology (RSM) software was 
used to predict the optimal condition of glycolysis process. The optimal condition of 
glycolysis time, temperature, amount of catalyst and amount of PEG were 205◦C, 
2.49hr, 0.12g (2.4wt% of PET used) and 36.87g of PEG respectively. Where using 
this optimized condition the yield of the process can be reached up to 96.3%. 
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PENGOPTIMUMAN DAN PENCIRIAN PROSES “GLYCOLYSIS” 
(PENGITARAN SEMULA) “POLYETHYLENE TEREPHTHALATE (PET)” 
DENGAN POLIETILENA GLIKOL (PEG) 
 
ABSTRAK 
 
 
Mengitar semula bahan plastics (PET) telah menjadi subjek utama pada mas kini, 
dimana bahan yang dikitar semula boleh dijadikan sebagai bahan mentah berharga 
untuk pemprocessan  yang berbeza. Dalam kajian ini, glikolisis PET akan dikaji 
menggunakan “Polyethylene Glycol” (PEG) sebagai ejen penyahpolimeran dibantu 
oleh “magnesium acetate” sebagai pemangkin. Pengaruh parameter  yang meliputi 
suhu (165-215 ◦ C), masa reaksi (0-4 h), dan  kepekatan pemangkin dan nisbah PEG 
yang digunakan telahpun telah dianalisis. Bahan glikolisis yang diperolehi telah 
dicirikan dengan mengunakan, “Differential Scanning Calorimetry” (DSC), 
“Thermogravimetric Analysis” (TGA), dan “Fourier Transform Infrared 
Spectroscopy” (FTIR). “Response Surface Methodology” (RSM) perisian telah 
digunakan untuk meramal keadaan optimum proses glikolisis. Dimana keadaan 
optimum glikolisis masa, suhu, jumlah pemangkin dan jumlah PEG adalah 205 ◦ C, 
2.49hr, 0.12g (2.4wt% PET yang digunakan) dan 36.87g PEG masing-masing. Jika 
menggunakan keadaan ini hasil proses boleh mencecah sehingga kepada 96.3%.
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CHAPTER 1 
 
 
INTRODUCTION 
 
 
1.1 BACKGROUND OF THE STUDY 
 
Polyethylene terephthalate is a polyester material that is most often used to make 
fibers, containers for food and beverages, pharmaceuticals and make-up. 
Polyethylene terephthalate is often referred as PET or PETE and was previously 
called PETP or PET-P.  
PET is a linear thermoplastic resin that is formed by the condensation of 
terephthalic acid and ethylene glycol. Because of its low cost (Thompson et al., 
2009), excellent tensile strength, chemical resistance, clarity, processability, and 
reasonable thermal stability (Caldicott, 1999) the usage of PET is wide spread. The 
demand of PET is summarised in the Table 1.1 (Scheirs & Kaminsky, 2006). PET is 
suitable material for packaging of soft drinks, bakery products, frozen foods, 
cosmetics and household cleaner and many other products. Customers choose PET 
because it is inexpensive, resealable, shatter-resistant and recyclable (Carraher, 2000; 
ILSI Europe, 2000; Olabisi, 1997). Adding to that its excellent barrier characteristics 
to oxygen and carbon dioxide, it shows spurt growth in the soft drink industries. 
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Moreover PET’s high toughness/weight property ratio make an added advantage 
over other other types of container materials (Welle, 2011).  
The total global consumption has risen from 11.8 million metric tons in1997 
(Paszun & Spychaj, 1997) to 23.6 million in 2005 (Pohler, 2005, as cited in 
Karayannidis& Achilias, 2007) and 54 million in 2010 (IHS, 2011). It is expected to 
grow by 4.5% per year from 2010 to 2015. In Europe and America, region the major 
cause of the demand and usage is the soft drink sector. While in Asia the usage is 
increased because of the fibre production. Recently the production trend of fibers has 
shifted from developed countries to developing countries (Pohler, 2005). 
Table 1.1 The global demand and future prediction of PET by application. (Unit in thousand 
tons) 
 1990 1995 2000 2005 2010 
      
Fiber 8900 11700 18800 24200 33300 
PET resin (for bottles) 1100 3100 7100 11900 18900 
Film 1000 1100 1400 1400 1700 
Others 700 800 1100 1900 2200 
      
Total 11700 16700 28400 39400 56100 
      
 
Since, the PET creates no harm to livings of earth and does not have adverse 
effect on the environment, large scale production cannot be avoided. But large scale 
of continual production implies dramatic effect in term of treatment of PET waste. 
With the increase in the amount of PET wastes, its disposal began to pose serious 
economical and environmental problems. 
An important note that should be taken into account that out of 80 billion 
plastics bottles manufactured per year 85% is not recycled (The Container Recycling 
Institute). Most of the plastics bottles make their way to ocean or discarded in 
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landfill. And it is a important fact that the PET is completely non-biodegradable. In 
the year 2000, the global PET production capacity exceeded 33 million metric tons 
per year (Rieckmann, 2003). According to Greenpeace, 1.7 tons of CO2 emissions 
are prevented for each ton of PET plastics recycled,  
By considering, emerge societies awareness towards environmental safety 
issues, recycling becomes more preferable means of treatment of PET waste. Along 
with the added advantage in terms of energy conservation, recycling of PET is 
conducted in wide-scale (Nir et al., 1993).The recycling of PET does not only serve 
as a partial solution to the solid waste problem but also contributes to the 
conservation of raw petrochemical products and energy. It is estimated that every 
1kg of production of PET requires 2kg of oil burning and raw material. 
Consequently burning of 1 kg oil for energy emits 3kg of carbon dioxide. Simply, 
per kg of plastic, about 6 kg carbon dioxide is created during production and 
incineration.  
Present researches proven that, recently the PET bottles recycled at very low 
rate causing billion of bottles must be manufactured from fossil fuels itself to replace 
that were not recycled. Another problem rises here, where the trees are needed for 
making charcoal. So the production of new PET bottles without recycling will 
promotes carbon dioxide emission to the atmosphere (Paszun & Spychaj, 1997).  
Nevertheless, recycled products can results in 50-60% capital saving (Sinha et al., 
2008).  
Focussing on the recycling process, currently the PET is recycled by various 
techniques. Primary recycling also known as in-plant process, where uncontaminated 
PET scrap undergoes re-extrusion process. (Al-Salem, 2009; Al-Salem et al., 2009). 
Second is the Secondary recycling, where the Pet scraps undergo separation and 
processing into granules by mechanical means. One major disadvantage is that the 
processing involves extrusion by means of heat and heat, which will cause 
deterioration the properties each time it is recycled (Aguado & Serrano, 1999). 
Quaternary recycling is the thermal treatment of waste PET by incineration for the 
thermal recovery. The tertiary recycling involves chemical recycling where PET 
polymer breakdown into its respective monomer, oligomer and dimer. Chemical 
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understanding and development of mathematical model through RSM, may aid the 
glycolysis process become more profitable in term of economic value and 
environmental concern.  
 
1.3  RESEARCH OBJECTIVE 
 
The objectives in this present research are:  
RO1. Identify the optimal process parameter for glycolysis of PET waste.  
RO2. To characterize the end product of glycolysis process.  
RO3. Investigate effect Polyethylene Glycol as depolymerising agent.  
 
1.4  SCOPE OF RESEARCH 
 
Survey shows very limited or almost no work on optimization of Glycolysis of PET 
waste using RSM. Adding to that almost all researches proposed the usage of 
Ethylene Glycol(EG), Diethylene Glycol(DEG) and mixture of DEG and EG as 
depolymerising agent and non of the research conducted detailed research on using 
Polyethylene Glycol (PEG) as depolymerising agent. Through this study, parameter-
setting or optimization will be performed using Polyethylene Glycol (PEG) as 
depolymerising agent.In brief the scope of the study is stated as below;  
1. Influence of reaction time on glycolysis yield.  
2. Influence of reaction temperature on glycolysis yield.  
3. Influence of catalyst concentration on glycolysis yield.  
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4. Influence of ratio of Polyethylene Glycol (PEG) to Poly (ethylene) 
Terephthalate (PET). 
 
1.5  RATIONALE AND SIGNIFICANCE 
 
This research is able to provide information about the possibility of PEG to be used 
in PET glycolysis process. Hence, by optimizing multiple responses/parameters that 
present the complexity of PET glycolysis can be resolved providing product with 
desirable quality and quantity. The novelty of the research is to change waste into 
wealth.    
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CHAPTER 2 
 
 
LITERATURE REVIEW 
 
 
2.1  POLYEHTYLENE TEREPHTHALATE 
 
“Polyethylene terephthalate (PETE) is polymerized form of ethylene terephthalate 
(C10H8O4) monomer units. PETE is a recyclable plastic with identification code 
“1”.  World-wide PETE-1 is used as a synthetic fiber, polyester, packaging materials, 
containers of soft drinks and etc”. (Moinuddin Sarker et al., 2010). 
“Capability for The world-wide use of PETE-1 has gradually increased and 
most of the waste PETE-1 is being dumped into the environment instead of 
recycling; this creates environmental problem” (Moinuddin Sarker et al., 2010). 
After the usage the PET plastics are being discarded in the landfill or make their way 
to oceans, hence causing various economical and environmental difficulties since it 
is known as non-biodegradable. Every day the plastics that have been left out in the 
landfill undergo photo- degradation and forming small solid particles. This might 
cause harmful health hazard if the food chain of entire surrounding habitant is 
affected by the solid complex (Moinuddin Sarker et al., 2010). Besides that another 
possible danger might be arise when these non-biodegradable substance undergo 
incineration (burning) causing release of harmful green house gases. When it comes 
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to recycling process, many researchers have been conducted and the thermal 
degradation with the aid of catalyst would be a better solution. (Moinuddin Sarker et 
al., 2010).  
 
2.1.1 Properties and Synthesis of PET 
 
Poly (ethylene) Terephthalate posses unique physical and chemical properties. It 
appears as amorphous glass-like material. Crystallinity and the rigidity of PET can 
be modified or enhanced by addictives or heat treatment of the molten polymer. The 
major added advantage of it properties is that, PET when heated above 72℃ PET in 
semi-crystalline state changes rubbery elastic form where it can be stretched or 
aligned into desired shape. Therefore, reforming followed by rapid quenching of 
reformed PET results in in extremely tough plastic (Sinha et al., 2008). Commercial 
PET melts between 255 and 265℃. Adding to that morphological and structural 
reorganization of PET leads to better crystal structures as the temperature increases 
(Awaja & Pavel, 2005). 
 Its monomer, BHET can be synthesized by the esterification reaction 
between terephthalic acid and ethylene glycol with water as a byproduct, or by 
transesterification reaction between ethylene glycol and dimethyl terephthalate with 
methanol as a byproduct (Fig 2.1). Polymerization is through a polycondensation 
reaction of the monomers (done immediately after esterification/ transesterification) 
with water as the byproduct (Fig 2.2). 
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2.2.4 Comparison between Methanolysis, Hydrolysis and Glycolysis 
 
Focussing on hydrolysis, it is comparatively slower than the methanolysis and 
glycolysis. Among the three depolymerizing agents (i.e. water, methanol, ethylene 
glycol), water is the weakest nucleophile (Sinha et al, 2008). Addding to that 
hydrolysis process occur at elevated temperatures and pressure. On the other hand 
the recovery of monomer (TPA) which quite complex and indirectly affect the 
quality of end product. 
 While the major disadvantage of methanolysis is the cost of separation and 
refining process. Furthermore the water formed at the end causing poisonous effect 
on the catalyst meanwhile causing formation of various azeotropes (Patterson, 2007). 
Before glycolysis , methanolysis is major commercial mode of PET recycling but 
now the process not practiced in commercial because complexity in term of 
recovering DMT causing it to become obsolete (Paszun, 1997). 
 One major added advantage of glycolysis is that the monomer produced  
(BHET) can be mixed with fresh BHET, and the mixture can be used for the other 
(DMT-based or TPA-based) PET production lines. Glycolysis presents lower 
environmental impacts than hydrolysis of PET packaging waste (Calero et, al). 
Adding to that glycolysis is the least complex, and capital-intensive process. For that 
reason glycolysis attract researcher interest and more focus has been given out for 
the development of recycling of Pet through glycolysis. In recent year many 
researches has been publish using wide range of temperature and reaction time, and 
some researchers have devoted their time on the investigation and development of 
efficient glycolysis catalyst (Challa, 1960; As cited in Patterson, 2007). 
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2.3  CATALYZED GLYCOLYSIS 
 
Recent studies reported that, glycolysis may conducted at relatively low reaction 
temperature , reaction time and either under pressure or at atmospheric pressure 
(Zahedi et al, 2009). The glycolysis process is very sluggish without catalyst. 
Therefore recent works more focussed on development of catalyst. Frequently is zinc 
acetate is reported to posses higher yield over the depolymerisation of PET. Other 
than that there are many other metal salts that have been investigated such as, cobalt 
acetate (Baliga et al., 1989), lead acetate (Chen.C.H, et al., 2001). Their works have 
proved that the order of activity of the catalysts increases from zinc to lead acetate. 
(Zn+2 > Mn+2 > Co+2 > Pb+2). Some metal chlorides such as zinc chloride, lithium 
chloride, magnesium chloride and ferric chloride also proved to catalyse the process 
(Troev. K et al, 2003).   
 In recent years researchers are more focussed on the development on milder 
catalyst which presents no harm to the environment. Lately in year 2009 an 
interesting study has been made on the catalytic effect of ionic liquids on trans-
etherification of PET (Wang H. et al., 2009).  The Figure below show the effect of 
catalysed and non-catalysed depolymerisation of PET with EG (Ethylene Glycol). 
 
